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[Claims] , 

[Claim 1] A polyamide prepared by condensation of: 

(Al) ,a minimum of one of the aliphatic dicarboxylic acids 

represented by the general formula below: 

HOOC-(CH 2 ) n -COOH 
(wherein n is from 4 to 11); 

(A2) a minimum of one of the acids represented by the general 
formula below: 

HOOC-R-COOH 

(wherein the group R.is 
[Chem. 1] 

J 1 ■ • 1 

and. wherein the ratio of Al to A2 ranges from 1:0.1 to 1:2 mols); 

optionally (A3) a saturated monocarboxylic acid in an amount of 
up to 0.1 mol,. based on the amount of the carboxylic acid of Al; 

(B) a minimum of one diamine selected from a group consisting of 
1, 6-diaminohexane, 1, 5-diamino-2-methyl-pentane, 2,4,4(4,4,2)- 
trimethyl-l,6-diaminohexane, 1, 9-diaminononane, and 1,12- 
diaminododecane (wherein the ratio of the components Al plus A2 to B 
is essentially equivalent based- on amino groups and acid groups); and 

(C) a minimum of one of the aminocarboxylic acids represented by 
the general formula below: 



Claim and paragraph numbers correspdnd to those in the foreign text. 



H 2 N- (CH 2 ) n =COOH 

(wherein n is from 5 -to 11) or lactams thereof (wherein from 0.5 to ' 
1.5 mols of aminocarboxylic acid or lactam is used per mol of carboxyl 
acid [sic] of the acids named under A) 

by a known method at a temperature of from 200 to 280 °C, optionally 
employing commonly used amidation catalysts, at a vacuum of less than 
100 millibars applied at the end of the reaction. 

[Claim 2] The polyamide stated in Claim 1, wherein e- 
aminocarboxylic acid and/or caprolactam are used as the 
aminocarboxylic acid of C. 
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[Claim 3] The polyamide stated in Claim 1, wherein dimerized 
fatty acid is substituted for up to less than 0.05 mol of the co- 
dicarboxylic acid of A2 . 

[Claim 4] The polyamide stated in Claim 1, wherein 1.0 mol of 
sebacic acid is used as component Al, from 0.3 to 0.8 mol of 
isophthalic acid is used as component A2, dimerized fatty, acid is 
optionally substituted for up to less than 0.05 mol of the isophthalic 
acid, from 1.3 to' 1.6 mols of 1 , 6-diaminohexane is used as component B, 
and from 2.6 to 3.6 mols of capr'olactam is used as component C. 

[Claim 5] A process for the preparation of a polyamide comprising 
polycondensation of • 

(Al) a minimum of one of the aliphatic dicarboxylic acids 
represented by the general formula below: 

HOOC-'(CH 2 )„-COOH 
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(wherein n is from 4 to 11); 

optionally [sic] (A2) a minimum of one of the acids represented 
by the general formula below: 

HOOC-R-COOH • 

(wherein the group R is 
• [Chem. 2] 

' 1 5 <\ 

-DPS- representing the residue of dimerized fatty acids, and wherein 
the ratio of Al to A2 ranges from 1:0.05 to 1:2.0 mols and preferably 
is 1:0.5 mole) ; 

optionally (A3) a saturated monocarboxylic acid in an amount of 
up to 0.1 mol, based on the amount of the carboxylic acid of Al; 

(B) a minimum of one diamine selected from a group consisting of 
1, 6-diaminohexane, 1, 5-diamino-2-methyl-pentane, 2,4,4(4,4,2)- 
trimethy 1-1, 6-diaminohexane, 1, 9-diaminononane, and 1,12- 
diaminododecane (wherein the ratio of the components Al plus A2 to B 
is essentially equivalent based on amino groups and acid groups); and 

(C) a minimum of one of the aminocarboxylic acids represented by 
the general formula below: 

H 2 N- (CH 2 ) n =COOH 

(wherein n is from 5 to 11) or lactams thereof (wherein from 0.5 to 
1.5 mols of aminocarboxylic acid or lactam is used per mol of carboxyl 
acid [sic] of the acids named under A) 
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by a known method at a temperature of from>200 to 280 °C, optionally 
employing commonly used amidation catalysts, at a vacuum of less than 
100 millibars applied at the end of the reaction. 

[Claim 6] The process stated in Claim 5, wherein 1.0 mol of 
sebacic acid is used as component Al, 0.5 mol of isophthalic acid is 
used as component A2, dimerized fatty acid is optionally substituted 
for up to 0.05 mol of the • isophthalic acid, 1.5 mols of 1,6- 
diaminohexane is used as component B, and from 3 mols of caprolactam 
is used as component C. 

[Claim 7], The process stated in Claim 5, wherein the components A 
through C and their ratios are chosen so that the resulting polyamide 
has a melting point between 90 and 150 °C. 

[Claim 8] The process stated in any of Claims 5 through 7, 
wherein the components A through C and their ratios are chosen so that 
the viscosity, as determined at 220 °C, is in the range of from 10 to 
150 Pa-s. 

[Claim 9] A method for bonding cardboard, paper, fabrics formed 
from natural fibers and/or synthetic fibers,- such as knitted/woven 
cloth and fiber tapestries, metal, or glass, wherein the polyamide 
stated in any. one of Claims 1 through 4 is used. 

[Claim 10] A method for producing relief prints, wherein the 
polyamide stated in any one of Claims 1 through 8 is used. 

[Detailed Description of the Invention] 

[0001] 
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[Field of Industrial Application] The present invention relates 
to polyamides based on mixtures of acids, amines, and aminocarboxylic 
acids and to their use particularly in the production of non-yellowing 
relief printing which, moreover, shows good adhesion to various 
substrates. 

[0002] 

[Related Art] The relief decoration of organic and inorganic 
substrates has long been known. 

[0003] The original technique of applying relief-like printing to 
paper or cardboard for, for example, book covers, promotional articles 
postcards, business cards, wrappers, etc., consists in executing the 
raised or sunk embossing with engraved plates or with printing type on 
printing presses with or without color transfer. In the process, the 
image to be printed is printed in one or more colors in one or more 
passes and then embossed in relief. 

[0004] In recent years, "a modification of this technique has been 
steadily gaining ground. Here, an image is still printed on the 
substrate, but the embossing step is dispensed with. The relief is 
produced by coating the. image with a thermoplastic synthetic resin. 

[0005] Technically, the process that prints the substrate by the 
offset method with the printing inks . commonly used therewith is 
advancing. Immediately thereafter, a finely pulverized thermoplastic 
resin is sprinkled on the surface of the printing while it. is still 
wet and tacky. The. excess powder is removed by suction from the 
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unprinted, and therefore- nontacky, areas. In a heat treatment that 
follows this step, the resin is heated to a temperature above its 
melting point. 

[0006] In this case, the thermoplastic resin must meet a number 
of requirements, the most important, of these being that it should have 
no color of its own, or as little as possible, and that it should be 
grindable to a fine powder that will not block even under the 
conditions of use and thus remains free flowing. 

[0007] The polyamide resins based on dimerized fatty acids and 
ethylene diamine used to date for this purpose do meet several of 
these requirements but do not fully satisfy others, such as the number 
of colors [sic], resistance to discoloration, and, in particular, 
adhesion to metal and glass. Moreover, the fatty acids that are 
hydrogenated to produce these polyamide resins must have iodine 
numbers under 10, and, during the condensation, even minor amounts of 
atmospheric oxygen will result in an appreciable deterioration of the 
number of colors [sic] . 
[0008] 

[Problems that the Invention Intends to Solve] The present 
invention intends to overcome these drawbacks of the prior art and to 
provide resins that, in contrast to the resins used up to now, which 
produce a smooth and glossy surface, impart to relief prints an 
effective, matte surface with a grainy structure that, at the same 
time, is scratch-resistance. 
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[0009] These resins should also provide good adhesion to various 
substrates, particularly to paper, cardboard, metal, and glass, good 
flexibility, compatibility with the background color, and nontacky 
surfaces. 

[0010] 

[Means for Solving the Problems] From the specification of German 
published patent application No. 3510415 are known polyamides that are 
based on a hydrogenated dimerized fatty acid, optionally a co- 
dicarboxylic acid, a specially matched combination of straight-chain 
and branched short-chain monocarboxylic acids, and an amine mixture of 
ethylene diamine and hexamethylene diamine. While these products 
actually show an improvement with respect to surface properties, 
number of colors, and discoloration resistance, their preparation 
still requires that dimerized fatty acids be hydrogenated to the point 
where the iodine number is not higher than 25. Relief prints made with 
these resins show a smooth and glossy surface. 

[0011] An object of the present invention is a polyamide prepared 
by condensation of: 

(Al) a minimum of one of the aliphatic dicarboxylic acids 
represented by the general formula below: 

HOOO(CH 2 ) n -COOH 
(wherein n is from 4 to 11); 

(A2) a minimum of one of the acids represented by the general 
formula below: 



HOOC-R-COOH 

• (wherein the group R is 
[0012] 
[Chem. 3] 

[0013] and wherein the ratio of Al to A2 ranges from 1:0.1 to 1:2 
mols) ; 

(A3) a saturated monocarboxylic acid in an amount of up to 0.1 
mol, based on the amount of the carboxylic acid of Al; 

(B) a minimum of one diamine selected from a group consisting of 
1, 6-diaminohexane, 1, 5-diamino-2-methyl-pentane, 2,4,4(4,4,2)- 
trimethyl-1, 6-diaminohexane, 1 , 9-diaminononane, and 1,12- 
diaminododecane (wherein the ratio of the components Al plus A2 to B 
is essentially equivalent based on amino groups and acid groups) ; and 

(C) a minimum of one of the aminocarboxylic acids represented by 
the general formula below: 

H 2 N-(CH 2 ) n =COOH 

(wherein n is from 5 to 11) or lactams thereof (wherein from 0 . 5 to 
1.5 mols of aminocarboxylic acid or lactam is used per mol of carboxyl 
acid [sic] of the acids named under A) 

by a known method at a temperature of from 200 to 280 °C, optionally 
employing commonly used amidation catalysts, at a vacuum of less than 
100 millibars applied at the end of the reaction. 



[0014] A further object of the present invention is characterized 
in that 1.0 mol of sebacic acid is used as component Al, from 0.3 to 
0.8 mol of isophthalic acid is used as component A2, dimerized fatty 
acid is optionally substituted for up to 0.05 mol of the isophthalic 
acid, from 1.3 to 1.8 mols of 1 , 6-diaminohexane is used as component B 
and from 2. 6. to 3.6 mols of caprolactam is used as component C. 

[0015] Yet another object of the. present invention is a process 
for the preparation of a polyamide comprising polycondensation ' of : 

(Al) a minimum of one of the aliphatic dicarboxylic acids 
represented by the general formula below: 

HOOC- (CH 2 ) n -COOH 
(wherein n is from 4 to 11); 

optionally [sic]. (A2) a minimum of one of the acids represented 
by the general formula below: 

HOOC-R-COOH 

(wherein the group R is 
[0016] 
[Chem. 4] 

i i w i , 

[0017] -DPS- representing the -residue of dimerized fatty acids, 
and wherein the ratio of Al to A2 ranges from 1:0.05 to 1:2.0 mols and 
preferably is 1:0.5 mole); 
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(A3) a saturated monocarboxylic acid in an amount of up to 0 . 1 
mol, based on the amount of the carboxylic acid of Al; 

(B) a minimum of one diamine selected from a group consisting of 

1, 6-diaminohexane, 1, 5-diamino-2-methyl-pentane, 2 , .4, 4 (4, 4, 2) - 

* 

trimethyl-1, 6-diaminohexane, 1 , 9-diaminononane, and 1,12- 
diaminododecane (wherein the ratio of the components Al plus A2 to B 
is essentially equivalent based on amino groups and acid groups); and 

(C) a minimum of one of the aminocarboxylic acids represented by 
the general formula below: 

H 2 N- (CH 2 ) n =COOH 

(wherein n is. from 5 to 11) or lactams thereof (wherein from 0.5 to 
1.5 mols of aminocarboxylic acid or lactam is used per mol of carboxyl 
acid [sic] of the acids named under A) 

by a known method at a temperature of from 200 to 280 °C, optionally 
employing commonly used amidation catalysts, at a vacuum of less than 
100 millibars applied at the end of the reaction. 

[0018] A further object of the present invention is the use of 
the polyamide resins of the present invention in the production of 
relief prints. 

[0019] Examples of the dicarboxylic acids of Al used in 
accordance with the present invention -are straight-chain dicarboxylic 
acids having from 6 to 13 carbon atoms, such as adipic acid, suberic 
acid, azelaic acid, brassylic -acid, and preferably sebacic acid, and 
decamethylene dicarboxylic acid. If desired, shorter-chain 
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dicarboxylic acids, such as adipic acid or pimelic acid may also be 
used. 

[0020] As the dicarboxylic acid described in A2, 1,4 (1,3)- 
cyclohexane dicarboxylic acid, 1,4 (1, 3) -cyclohexane diacetic acid, 
terephthalic acid, 1,4 (1, 3) -phenylene diacetic acid, and particularly 
isophthalic acid are used. 

[0021] By dimerized fatty acids are meant' commercial polymerized 
fatty acids that have iodine numbers ranging from about 100 to 130 and 
whose dimeric fatty acid content has been increased by commonly used 
processes to from about 85 to 100 %. 

[0022] The iodine number is determined by methods commonly 
employed in practice and is expressed in grams of iodine per 100 grams 
of substance. 

[0023] The polymerized fatty acids can be prepared by the usual 
processes (see, for example, U. S. patents 2,482,761 and 3,256,304) 
from unsaturated natural and synthetic monobasic fatty acids having 
from 12 to 22, preferably 18, carbon atoms. 

[0024] Typical commercial polymeric fatty acids have 
approximately the following composition prior to distillation: 
Monomeric acids 5 to 15 % by weight 

Dimeric acids 60 to 80 % by weight 

Tri- and higher-polymeric acids 10 to 35 % by weight 
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After distillation, the dimeric acid fraction should be nearly free of 
monocarboxylic acids, and the proportion of trimerized and higher- 
polymerized fatty acids . should be 1 % by weight or less. 

[0025] Both the distilled and undistilled fatty acids can be 
hydrogenated by known processes to lower the iodine number, preferably 
to the range from 10 to 40. In accordance with the present invention, 
hydrogenated dimerized fatty acids with iodine numbers between 10 and 
15 and a dimeric fatty acid content of not less than 90 % by weight 
are preferred. 

[0026] The composition of" the fatty acids is determined by the 
usual gas-liquid chromatography (GLC) techniques, with the 
specification of the dimer content including, in addition to the 
dimerized fatty acids, the minor amounts of completely or partially 
decarboxylate.d dimerization products that are inevitably formed in the 
dimerization process. 

[0027] The ratio of the carboxylic acids Al to A2 should range 
from 1:0.1 to 1:2 mols, preferably from 1:0.3 to 1:0.8 mols, and will 
depend on the particular components Al and A2, and, in some measure, . 
on the amount and nature of component C, that is, the amino acid or 
lactam. For the' preparation of particularly lightfast polyamides, it 
is, in accordance with the present invention, that no dimerized fatty 
acid, or not more than 0.05 mol, be used. 

[0028] For regulation of the molecular weight, monocarboxylic 
acids having up to 18 carbon atoms may be used, the highly saturated 
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and straight-chain acids having from 16 to 20 carbon atoms, such as 
palmitic acid and stearic acid in particular, being preferred in • 
accordance with the present invention. These acids are preferably used 
in amounts of from 0.05 to 0.1 mol, based on the carboxylic acids of 
Al. 

[0029]. The molecular weight may also be regulated with excess 
acid or amine. However, since free carboxyl groups or amino groups are 
then present in the molecule, this approach is less preferred in 
accordance with the present invention. 

[0030] As the amino component, it is advantageous to use 2- 
methyl-1, 5-diaminopentane and a mixture of isomers of 2,4,4(4,4,2)- 
trimethyl-1, 6-diaminohexane, 1 , 9-diaminononane, and 1,12- 
diaminododecane concomitantly with 1, 6-diaminohexane . 

[0031] The ratio of the acid component A to the amino component B 
is approximately equivalent. The polyamides preferably have amine and 
acid values not higher than 10, and the sum of the acid and amine 
values should not exceed 10, either. 

[0032] The amino acids of C that may also be used in accordance 
with the present invention have the general formula: 

H 2 N- (CH 2 ) n =COOH 

(wherein n is 5 to 11) or their lactams, preferably with n = 5. 

[0033] From 0.5 to 1.5 mols, preferably 1.0 mol, of amino acid or 
lactam should be used per mol of carboxyl groups of the diearboxylic 
acids named under A. 
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[0034] If necessary, minor amounts of commonly used 
monocarboxylic acids, preferably of stearic acid, may be used for 
regulation of the molecular weight or of the viscosity. 

[0035] The polyamide resins used in accordance with the present 
invention can be ground into a powder that will remain free-flowing 
even under coating conditions, possible with the concurrent use of 
antiblocking agents, such- as stearates, Aerosil, or the like. The 
particle size of the powder may be varied as required and will range 
from 40 to 500 microns, preferably from 80 to 200 microns. 

[0036] The melting point of the resins is adapted to the actual 
requirements. It is sufficiently low to prevent impairment of the 
substrate or of the background lacquer by the complete melting 
temperatures, yet high enough for no blocking to occur even at 
application temperatures. 

[0037] The preferred melting range (as measured by the ring and 
ball method) is from about 90 to 150 °C, preferably from 100 to 140 °C. 

[0038] Furthermore, the resins have, a narrow melting range, which 
makes it possible to rapidly achieve freedom from tackiness and 
blocking during the cooling stage, which follows the melting stage. 
This is a very important factor in attaining short cycle times. 

[0039] The melt viscosities, measured uniformly at 220 °C with a 
rotary cone-plate viscometer as directed by its manufacturer, Haake 
Co., range from about 10 to 200 Pa-s, preferably, from 15 to 80 Pa-s, 
better yet, from 20 to 50 Pa-s. 
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[0040] The polyamide- resins of the present invention, which are 
compatible with the background colors commonly used in this field, 
permit a combination of additional and novel properties and effects to 
be achieved in relief printing. 

[0041] In contrast to the resins commonly used up to now, which 
provide a smooth, glossy, and delicate surface, the resins of the 
present invention impart to relief prints, an effective, matte surface 
with a grainy texture or a fine-grained leather texture that has 
extraordinary scratch resistance. 

[0042] In addition to good adhesion to the usual substrates, such 
as cardboard, paper, fabrics made of natural fibers and/or synthetic 
fibers, such as knitted/woven cloth and tapestries, the resins of the 
present invention have excellent adhesion to metal and glass. 

[0043] The grainy texture further imparts sure-grip properties to 
containers so imprinted, such as bottles and jars for body-care agents 
used in the cosmetic industry. 

[0044] Because of the negligible intrinsic color and high 
transparency of the polyamide resins of the present invention, shifts 
in hue of the subjacent color print do not occur, and these resins are 
substantially non-yellowing both during application and on exposure to 
ultraviolet radiation. 

; [0045] Testing of Polyamide Resins 
Procedure A 



16 



The polyamide resins of Examples 1 to 22 obtained in accordance 
with the present invention were coarsely crushed, chilled with dry ice 
and/or liquid nitrogen, and ground cold in an impact mill (made by 
Alpine Co.). From- the powder > thus obtained, a size fraction of from 40 
to 500 microns was then screened out by means of a set of screens. A 
black-pigmented high-viscosity offset ink was then applied by means of 
a simple manually operated printing press to the coated (smooth) side 
of a white light-weight cardboard, and, after 10 to 20 seconds' airing, 
the screened powder was sprinkled onto it. Because of the tacky 
character of the ink, an amount of powder sufficient for the formation 
of a textured surface adhered while the surplus material could readily- 
be removed. The cardboard so prepared was then heated in a special 
powder-melting apparatus (a Konvexograph, . made by Grafra Co.). with 
infrared rays (IR) from above, at a distance of 20 to 30 cm. After a 
retention time of about 5 to 10 seconds, highly scratch-resistant, 
grainy surface textures were obtained. Since the polyamide resins have 
virtually no intrinsic coloration and no tendency to yellow, no 
graying of the black color of the printing ink could be observed. 

[0046] Procedure B 

A variation of the application of a background color consists in 
first printing a polyamide resin lacquer capable of being reactivated, 
in the form of the desired designs, by gravure printing onto 
continuous sheets, such as a web of aluminum foil or the like. Unlike 
the offset ink referred to above, this specially formulated lacquer is 
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tack-free immediately after printing, and the aluminum foil wound into 
rolls after the printing operation can therefore be readily unwound. 
The foil or foil sections so unwound are heated shortly before the 
powder is sprinkled onto them. As a result, the imprinted lacquer 
becomes tacky and, because of its special formulation, remains tacky 
for from 3 to 10 seconds after cooling, with' the powder sprinkled onto 
it adhering to the lacquer in the desired amount. The further melting 
process takes place as described in the foregoing. 
[0047] Procedure C 

Five centimeter-wide strips of a polyester/wool (55 %/45 %) 
substance were bonded. The polyamide powder had a particle size of 
from 300 to 400 p. The application quantity was 20 g/m 2 of the 
substance. 

[0048] The substance strips so treated were adhesive-bonded at 
temperatures of about 20 to 30 °C,. which exceed [sic] the softening 
point of the polyamide adhesive, to.two untreated substance strips. 
The bonding time was about 15 to 20 seconds,. and the bonding pressure, 
400 g/cm 2 . 

[004 9] The bonded substance was completely immersed in a 
perchloroethylene bath, and, 30 minutes later, the peel strength was 
determined wet in conformity with DIN 53310. 

[0050] 

[Working Examples] 

Preparation of Polyamide Resins 
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Example 1 

In a 2-liter three-neck flask equipped with a stirrer, 
thermometer, and downward condenser, 202.0 g (1.0 mol) of sebacic acid 
(Ai), 83.0 g (0.5 mol) of isophthalic acid (A 2 ) , 20.0 g (0.07 mol) of 
stearic acid (A 3 ) , 339.0 g (3.0 mols) of caprolactam (C) , 182.3 g 
(1.57 mols) of hexamethylene diamine (B) , and 0.21 g of 85 % 
phosphoric acid (0.025 % by weight, based on the total weight of the 
ingredients) as a catalyst were mixed in a nitrogen ambience. In 
addition, 100.0 g of desalted water was added for better 
homogenization and heated over 2 hours to 240 °C. This temperature was 
maintained for 2 hours, a vacuum of 5 millibars being applied during 
the last 2 hours. This was followed by flushing with nitrogen, and the 
polyamide was then discharged. The polyamide obtained had a ring-and- 
ball softening point (DIN 52011) of 129 °C, a viscosity of 26.0 Pa-s 
at 220 °C (determined by means of the PK 401 W rotational viscometer 
as directed by its manufacturer, Haake Co. of Karlsruhe), an acid 
value. of 3.9, and an amine value of 0.7. 

[0051] By the working examples given in Table 1 below, similar 
products were obtained. 

[0052] Here, the symbols have the following meanings: 
AZ (amine value) = mg KOH/g of substance. 
SZ (acid value) = mg KOH/g of substance. 

R + B = Softening point, as determined by the ring-and-ball method 
(DIN 52011) . 
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Viscosity = Viscosity, determined at 220 °C directly from the melt by 
means of the PK 401 W cone-plate viscometer as directed by its 
manufacturer, Haake Co. of Karlsruhe/Berlin. 

Pripol (trademark) = Product name of Unichema International Co. 
Pripol (trademark) 1009 = Hydrogenated polymerized fatty acid 
containing: 

0.1 % monomeric fatty acid; 

99 .0 % dimeric fatty acid; and 

1.0 % -trimeric fatty acid 
Pripol (trademark) 1013 = Polymerized fatty acid containing: 

0.1 % monomeric fatty acid; 

95.0 % dimeric fatty acid; and 

5.0 % trimeric fatty acid 

[0053] 

[Table 1] 
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TABLE 1 





(a)» 




(c) 


AZ 


sz 




.ttff(d). 


(e) 








°C 


220 *C 
Pa -s 


1 


.^7^T P (h) 


1,00 

V . 07 

0,50 - 




1.57 


* Ztn 9 9 9 A 
(1) 


3.0 


0,7 


3 • 9 




^ <c ft 
lD , u 


2 


P r i p o 1 

1009 


1.00 
0 r 07 
0,50 




1.37 


(i) 


3.0 


0.5 


2,6 


110 


100.0 


3 


(i 

,.1018 


1,00 
0.07 
0.50 


?7 5 V(k) 


1.57 


(1) 


3,0 


0,5 


1.0 


103 


95,0 



Key: a) acid; b) diamine; c) additive; d) viscosity; e) example; f) 
quantity in mols; g) sebacic acid; h) stearic acid; i) isophthalic 
acid; j) (trademark); k) hexamethylene diamine; 1) caprolactam 



[0054] 
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[Table 2] 





(a) a ! 






AZ 


SZ 




a array 










°C 


220 °C 
Pa-Sf 


■ 


P T 1 P O l 

10 0 9 


o,so 

0,05 
0,10 
0,50 


s?r 5 v (k) 


1-55 


(1) 


3.0 


3.3 


5.3 


125 


15.0 


5 


^yrs ^tt(h) 


1,00 
0.06 
0,50 




1.S6 


(1) 


3,0 


3.0 


.6.0 


126 


24.0 


6 


9 V8(h) 


0,75 

o,oe 

0.75 




1.58 


(1) 

7 *V ^f 1 


3.0 
1.5 


0.8 


2,3 

i'.., 


126 


23.0 



Key: a) acid; b) diamine; c) additive; d) viscosity; e) example; f) 
quantity in mols; g) sebacic acid; h) stearic acid; i) isophthalic 
acid; j) (trademark); k) hexamethylene diamine; 1) caprolactam; m) 
dimethyl terephthalate ; n) adipic acid; o) aminoundecanoic acid 
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[Table 3] 





(a)tt 


(b) *JT £^ . 




AZ 


SZ 




&&(d)| 


(e) 








•c 


220 "CI 
Pas § 


7 


•fc^v^BCg) 


1,00 
0.50 




1,56 


(k) 


4.50 


1,0 


4.2 


143 


48.0 


8 


-fe j« is > B (g) 


1,00 
0.07 
1.00 




-2 07 


%-fn*?9 9 A 
<*> 


4 ^ o 


0.9 


2.4 


150 


56,0 


9 


«fe^>v8Kg) 


1.00 
0,10 
2.00 


*r (j) 

. ■* • . 






s.o 


0,6 


1.5 


150 


48.1 


10 




1.00 
0.05 
0,50 




1,55 


<*> 


1.5 


2.5 


6.5 


126 


18.0 



Key: a) acid; b) diamine; c) additive; ,d) viscosity; e) example; f) 
quantity in mols; g) sebacic acid; h) stearic acid; i) isophthalic 
acid; j )- hexamethylene diamine; k) caprolactam 

[0056] 



23 



[Table 4] 





(a) a 




(c) 


AZ 




R+B 




(e) 
01 












•c 


220 *C 


11 


4r /< V V fff } 

>fy7^j»(i) 


1,00 
0,10 
2,00 


(k) 


3.10 


(1) 


3,0 


1,8 


0.0 


143 


22.0 


12 




1,00 
0,06 
1,00 




'2.0* 


(1) 


2.0 




8,0 


133 


40 , u 


13 

I- 




1.00 
0,06 
1,00 




2 , 06 

i 


(1) 


4,0 


1.4 


5,8 


143 


31.0 



Key: a) acid; b) diamine; c) additive; d) viscosity; e) example; f) 
quantity in mols; g) sebacic acid; h) stearic acid; i) isophthalic 
acid; j) adipic acid; k) hexamethylene diamine; 1) caprolactam 
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[Table 5] 





(a) a 




(c) »ttJ^, 




AZ 


SZ 


R+B 


M(d) 


(e) 








•c 


220 *C 


11 




1,00 

0.05 
0.50 




1.55 


(0) 




5.1 


2.0 


138 


28.0 


15 


iS^^^Jl (g) 

Kf ^ ^»<j) 


1,00 
0.05 
0,50 


>-s * ?> >t U > 


1,55 




3,0 


0.6 


4.7 


98 


93.0 


16 . 


^yrji y»{h) 


0.Q5 
0,50 
1,00 


(n) 


1,55 


(O) 


3.0 


3.2 


3.7 


$4 


100,0 



Key: a) acid; b) diamine; c) additive; d) viscosity; e) example; f)'- 
quantity in mols; g) sebacic acid; h) stearic acid; i) isophthalic 
acid; j) dodecanedioic acid; k) dimethyl terephthalate ; 1) trimethyl 
hexamethylene diamine;* m) hexamethylene diamine; n) methyl 
pentamethylene diamine; o) caprolactam 
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[Table 6] 





(a)» 


(b)S>7S ^ 




AZ 


S2 






(e) 








•c 


220 f C 

Pa»s 


i? 


At 7 9 ^®(g) 


0,05 
0.50 
1,00 




1.55 




3,0 


0,8 


3.7 


124 


100. 0 


as 




0,50 
0.05 
0,50 
0,50 


t? T 5V(n) 


1,55 


<°>, 


3.0 


1,6 


4,4 


92 




19 


1 » 4 - * n 


1, 00 
0,08 
0>25 
0.25 




1.56 


5 * * A 
(o) 


3.0 


0,7 


1.4 


140 


54.0 



Key: a) acid; b) diamine; c) additive; d) viscosity; e) example; f) 
quantity in mols; g) stearic acid; h) dodecanedioic acid; i) azelaic 
acid; j) sebacic acid; k) isophthalic. acid; 1) 1, 4-cyclohexane ; m) 
dicarboxylic acid; n) hexamethylene diamine; o) caprolactam 
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[Table 7] 





(a) at 


(}>)*? T 2 > 


(c) tSJOJH 


AZ SZ R+B 

•C 220 # C 


« 




20 

; 


;P rlpol 

(^rs«)(j) 

1 0 1 s . 


1,00 
0,05 
0,45 
0,05 




1/55 


? 9 p J* 
(1) 


3,0 


0.6 


2.8. 


91 


$0.0 


21 


:*.**'5'«(g) 
>r y7^/n&(i) 


1,00; 
0,0? 
0,50 


5 V (k) 


1.57 


m 


3,0 


0,7 


3.9 


109 


25.7 




i p o I 


1,00 
0,45 
0,05 


^7 * v (&) 


1 , 50 


* 5 & & Jx 
(1> 


3.0 


0.4 


1.5 


112 


05.0 



Key: a) acid; b) diamine; c) additive; d) viscosity; e) example; f) 
quantity in mols; g) sebacic acid; h) stearic acid; i) isophthalic 
acid; j) (trademark); k) hexamethylene diamine; 1) caprolactam 

[0060] 



27 



[Table 8] 



TABLE 2 



(a) 




vw 














JbL Q /-Ft 


tfc © <g) 


1 
1 


J. 


\ 




-*35 k*»~ < T" *b — 

]fj& 55 1 — , 

<h> -p^suosfe- 


SFHlfSW: 

(i) «A Xa*«roj^**6 > 


2 

m 


I 


B 


It 


« 




«t 


2 




11 


M 


ii 


A 
*k 


3 


H 


» 


*" n ! 


' u 


■■ 5 


4 


H 




tl 


It 


6 


5 


II 


« 


IT" " 


i It 


7 


6 


r" 


— u ■ 


* 


II 


8 


* 


E _ 




a 


It 


9 


8 




« 


l~ n 


II 


10 


9 


« 


** 


— s 1 


II 


n 


Id 


A 


ii 


« 


— it 


12 


11 


« 


a 


H 


II 


'.. 13 


12 


a 


t* . 


»' 


11 


14 


13 


D 


a 


M 


II 


15 


14 


II 


ii 


It 


II 


If 


15 


n 


w 




tl 


1? 


16 


a 




« 


II 


ia 


17 


a 


M 


II 


tt 


19 


ie 


« ' 


II 


17 


III 1 w ... 


20 


19 




t» 


IT 


II 



Key: a) number; b) example from Table 1; c) procedure"; d) size 
fraction in terms of }j; e) surface of raised prints; f ) appearance; 
properties; h) very uniform, matted black bead texture; i) high 
scratch resistance, easy-grip, very good adhesion 
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[Table 9] 



(a) 


ffl *0 

w <*>> 


(c) 


(d) 












if) * & 


<g)# » 


21 


1 




<63 


(h) 

ygi £jt fW IV- T*~ •» **»• nT Act • ' » 




22 


1 


w 


3 00 - 400 


g*T«h»ilt! i (i) 


i 


23 
24 
25 


26 

21 
22 


c 
c 
c 


300 - 400 
300 ~ 4G0 
300 - 400 


140 
140 
140 


;u £ d;h^ U V ft S- 

N/5cm 
36 
38 

45 



Key: a) number; b) example from Table 1; c) procedure; d) size 
fraction in terms of p;e) surface of raised prints; f) appearance; g) 
properties; h) extremely fine bead texture, formation of sufficient 
texture effect [sic]; i) very coarse texture, occasional large-area 
molten resin films, nonuniform texture; j) bonding temperature; k) 
good scratch resistance, less pronounced easy-grip property; 1) 
perchlorpethylene stability 
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